Introduction
The low fertility of dairy cattle in summer in subtropical climates is well known. Conception rates in Israel decrease from 52% in winter to 24% in summer (Ron et al, 1984) , and similar values have been recorded in southern USA (Monty and Wolf, 1974) .
Fertility has been found to be sensitive to heat stress during the 12 days before oestrus, especially on day 2 before oestrus (Ingraham et al., 1976) , the day after oestrus (Badinga et al, 1985) , and days 1-7 after artificial insemination (Putney et al, 1989) . Cooling cows from days 0 to 8 after oestrus was found to increase conception rates in one study (Stott and Wiersma, 1976) , but not in another (Her et al, 1988) . Relieving heat stress in summer, from day of calving until 150 days of lactation, increased conception rates to 59%, compared with 17% for non-cooled controls (Wolfenson et al, 1988) .
The role of gonadotrophins in the regulation of functions of follicles and the corpus luteum in cattle is well documented (Ireland, 1987) . At the beginning of the follicular phase, gonadotrophin secretion increases in a pulsatile pattern and fol¬ licular development accelerates until the preovulatory surges of LH and FSH and ovulation. (Ireland and Roche, 1982; Dielman et al, 1986) . Disturbances in gonadotrophin secretion during the follicular phase may impair follicular development and ovulation, and the function of the subsequent corpus luteum (McNatty et al, 1981; Quirk and Fortune, 1986 ).
The effect of heat stress on LH secretion during the follicular phase of the oestrous cycle in cattle is unclear. Concentrations of LH in plasma have been reported to be unchanged (Gwazdauskas et ai, 1981; Gauthier, 1986) (Schallenberger et al, 1984) . The con¬ centrations of oestradiol in plasma samples taken on the day of the experiment during the first 2 h of collection of blood samples, before GnRH challenge, averaged 4.6 + 0.7 pg ml-1 Significant differences between groups (*P < 0.06; "P < 0.01).
(range 0.5-10.2 pg ml"1). (Table 2) . Chronic heat stress did not modify LH pulse frequency (Table 2) . 
LH secretion after the administration of GnRH
The data for LH measurements after GnRH administration were analysed separately for summer (two years pool; Fig. la) and winter (Fig. 2a) . In the summer, the overall mean concen¬ tration of LH in control (n = 9) and chronically heat stressed (n = 12) cows (18.9 ± 2.2 versus 17.9 ± 1.9 ng ml"1) Fig. la ). There was no significant effect of heat stress on plasma LH concentrations after the GnRH-induced peak had been reached. In the winter, the mean concentration of plasma LH in all control cows (n = 11) tended to be higher than that of heatstressed (n = 8) cows (19.7 + 2.1 versus 14.1 + 2.6 ng ml"1, respectively, < 0.1). The peak of the GnRH-induced LH surge was 34% lower (54.2 + 6.6 versus 36.0 + 7.7 ng ml"1, < 0.05) in the heat-stressed animals. Heat stress did not affect these parameters in cows with high concentrations of plasma oestradiol (means: 20.7 + 2.8 versus 15.8 +3.8 ng ml ; peaks: 59.7 + 9.2 versus 42.9 + 11.6 ng ml"1, for control (n = 8) and heat-stressed cows (n = 5), respectively). In heat stressed animals with low concentrations of plasma oestradiol, the peak of the GnRH-induced LH surge tended to be lower (38%, < 0.10) than in control cows (Fig. 2a) . The GnRH-induced LH surge in the heat stressed cows also tended to be attenuated compared with that in control cows (Fig. 2a, (Fig. lb) .
In winter, the overall mean concentration of FSH in control (n = 7) and heat-stressed cows (n = 8) did not differ (36.1 + 2.1 versus 31.7 + 1.9 ng ml"1, respectively), whereas the peak of the GnRH-induced FSH surge tended to be lower in the latter (56.1 + 4.1 versus 46.4 + 3.6 ng ml"1, respect¬ ively, < 0.08), and the overall curve was lower in the heat-stressed group (treatment by time interaction, < 0.05).
The concentration of plasma FSH concentrations in cows with high concentrations of plasma oestradiol were similar in control (n = 4) and heat-stressed (n = 6) groups (means: 35.0 + 2.8 versus 33.9 + 2.5 ng ml-1; GnRH-induced peaks: 54.6 + 4.9 versus 51.8 +4.4 ng ml"1, respectively). In contrast, in cows with low concentrations of plasma oestradiol, heat stress significantly (P < 0.01) reduced the mean concentration of FSH to 73%, and the peak of the GnRH-induced FSH surge to 63% of that of control animals (peaks: 59.2 + 3.3 versus 37.3 ± 2.7ngml"1). Imakawa et al, 1986).
The ratio of cows with high and low concentrations of plasma oestradiol was approximately 1:1 (n = 18 and 22, respectively). However, further analysis of seasonal differences (independent of the thermal treatments within season) on the ratio of cows with high and low concentrations of oestradiol indicated that (i) the number of cows with low and high concen¬ trations of oestradiol was 6 and 13 in winter, respectively, and in summer 12 and 9 cows, respectively. Chi-square analysis in¬ dicates that these differences were not, however, statistically significant (P < 0.10) and suggests that chronic heat stress may affect follicular development.
Two major points emerged from an analysis of the LH data collected from cows in the summer: (i) chronic heat stress had no effect on tonic LH secretion or GnRH-induced LH (Schillo et al, 1978) . Heat stress did not alter LH pulse frequency in ovariectomized ewes (Schillo et al, 1978) or in intact cows (this study), whereas in sows heat stress reduced frequency of LH pulses but increased their amplitude (Barb et al, 1991) . In cows, LH pulse frequency is reduced by heat stress in early, but not mid-luteal phase of the oestrous cycle (Wise et al, 1988 (Gwazdauskas et al, 1981; Rosenberg et al, 1982; Gauthier, 1986 al, 1984; Imakawa et al, 1986) . In dairy cows, the stimulating effect of oestrogen on LH secretion is proportional to the con¬ centration of oestrogen in the plasma (Dielman et al, 1986;  Lucy and Stevenson, 1986 
